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T ^Lany cdUeg^a and uniTemtHa 
art InoMaifi^ concamed abool efUDUinc^ racauung, ai>d gradoadng 
a dmiBe poiHiIation <rf arudenta. ^ accomphah goal, cdUegas wd 
uniTsmtiaa ara enrolling larger parcantagaa of tradioonally undar^ 
repreaentad greopa. Hewerar, baoauaa iMny of these arudenb art 
academically at^U, coUtgaa ha^ unplamtntad a Tariatj of suppcct 
aemcea to help enaura Ibt academic aocceaa ofthaae students These 
aemcea art aapeoallj impoctant m introductory science coocaaa, aa 
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thftM ccmMS are often charectenaed by hither &flure rataa than ether 
couraaa (Congoe^ Lanjaafn^ ^ Schoep^ 1097^ 

One ofd>e nueteSeon^modele of acadenuc Ml ppcTtiaSoppk mental 
lnstTucoon(&f) SlamdalheatigmaofTeiMdiAtMnbyidenb^Inglu^ 
nah coQoes rather tu^ruk studenta (Arendaie^ 100^^ Bamirea, 
1007) Whereas many other support semcae focus on atudenls^ defioen^ 
oee, S( foctisea on the inherent difficuJtj of some cotireea, etpecislly 
those m which at least on^third of the cooree-gradea are F, or W 
(Banuies, 109^ SI btfme the tost week of (La, well before 

eCQdents take their &rat eiaiTia ai>d are ^in trouble^) it n d is vcluntaty, 
proacn^, attached directiy to higl^nek coonea, tao^tb? leaders who 
attend aD class aesstons^ and open to aH students (Arei>dale> 1904) At 
the Unweisitj of Minnesota where our stndj was done, SI is a mcdihed 
fecataocn that emphasises effecti^ stndj ^lUe, coUaborati^ work^ ai>d 
a review of course-content Additional information about the S( model 
IS presented elsewhere (Arendale^ 1094) 

Intrcductory soence courses are often high^nsk courses because up 
to halfofemJeiiLs at many college and oniveraties earn a D, orWm 
these courses (Congoe et al , 100^. This ts not surprising^ because iT>ore 
than thre^fouTths of students^ ai>d eapemsDy those in onderrepreaented 
groups who took the ACT in 2004 were not prepared for coUeg^lerel 
biology (Cavanagh, 2004) Moreover, many students m these courses 
have had negative erperiencea m science cooises qoeraon their 
sbilrties to do weD in sc.isnce- coocsea (pengoe et aL, 1997) Although 
dome studies have reported that SI seu^nte earn higher grades than 
nerval students in dome aoence cooises (Campbell, 1994, Gaddis, 1004, 
Peled & Kim, 1006; Shaya, Pee^, & Pet^, 1993), others have reported 
no effect of fil m science courses (Colhne, 1962, Feat, 2000, Hensen & 
Shelley, 2003). 

In this stu<^ we report the findings of a twt^year stu4^ of the impact of 
81 in alarge rntroductoiy biology courae 1b measoie the effeciiveneas of 
SI in the coose, we compared the academic perfonnancea and behaviors 
c/ SI and non-SI arudenta, as well as the performances and behaviocs of 
aucceaeftil and unsuccessful SI students. We wanted to answer several 
quesoons. (a) le &t eSectm in an intioductocy biology course? (b) What 
behanore are assocaacad with the success of SI students? (c) 

What waits characterise unaucceasftil 31 stndents^ 

Methods 
Cm&t Study 

This study was conducted for bur semesters m several large secoons 
of a four^edit mtroductory biology course br fiist^eax developmental 
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educraon radems m Gei>eal Colteg^ ^ TWib CUm campu 
cf tha Uoi^otty of Uinncacl^ CC proniaa accass to tha anlramty 
{br mdeitls from di^oa culruni, aducatioaal, and docix40i>oimc 
backfrounda vfho do nol tmct all of lha adfiusmna rc4]Qiremeiita of lha 
univeiaiiy^a oihar coUegta. GC prapaxea radems is vanafer lo one of 
the ujoTtTWfz dacraa-fwitmf collegea. Stndera m GC arc ocnaidered 
to be ^al riak^ because (he; hare lower grades, ACT acoru, atiS >iig>i 
achccl graduaoon percentika than moM ether aeudenia a( the untam^ 
Couiaea in GC axe concenMKb, cradit4)earui(^ tranafeceble couraea that 
count fuB; toward paduaoon from the umverar^ Additioiial mfonna^ 
tion about CC, ita zruaaion, ita fiKiia on adTiamg, a nd ita aiodenta ^n be 
{bond elsewhere {Hi^a, LundeD, & AiendaJe, 20QS) 

The mooducrnybrolog; couiae in atnd; coeeied toplca typi^ 
cf a cradloonal introductory biok^ course tor ncf>ma|o(a. Leccorea 
cocurred twice per week lot 75 nunutea per cJaa& All leoucna of the 
course met near the time of day and were lao^t by the same 
instmctor in the same clasacoom in the aame way (e«g , the same ^Ila« 
bus, textbook, asquerree of topics, pading poU^, pedagogh 

cal teohmqoea) The course ^Uabua included the {oUowmg statement 
about the importance of attendance for academic aucceae *1 expect 
you to prepare for end attend every cJas& This is impoitant becaose 
edars attendance u usually a strong indicator of coutse performance.^ 
The inacuctoiselao dbcueaed these statementaend the importance of 
edare attendance on the first day of olaea in both seooona. The biok^ 
courae enrcDed an ererage of 3S SI arudenta a nd 31Q non4I stndents 
per aemeatec All students (La , 81 as well as non^I) were m the same 
edaas, took the same eaame, attended the same labs, and the 
gradmg mteri^ Both the leorure lehoratccy poroons of the coutse 

were integrated into students' final grades. Additional infonuation about 
thw course u presented elsewhere (Moore, 20B3e, 2003b) 

81 eJaseea met three timea per week for 50 TnifinrjLii p^p eJase end were 
led by aSI leader who ha d an undergraduate degree mbiology, attended 
evecy daae, did all of the course aaeignmentn The 81 leader had no 

access to or input regarding ^ coutse grades, that ia, 81 students 

did not receive any ^inaide mfonnation* about exama at SI aearionx 

PumciiMtHts 

On averagCt 3? Sl^tndents 361 non4I students parumpated inthe 
study each temeater Approximately SSK of the 3( wudents were male, 
and45h were female. The wudents were ethnically direise: 2516 Africun 
AmerKsn, 0k Asian Pacific, 616 American Indian, SOk Caucasian, Sk 
Chicano, 316 Hispanic, and 216 Gthec ibreompanaon, non^I students 
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were approxuzutely e^oal perc^xUAfee cf men and women were 
ethnically divtraa 20% AAocan American, 2% AmeTican Indian, 
20% Aaian American, &)% Caucasian, 4% ChicanD/Intmo, and3% unde- 
dared (Univerat^ of Minnaaota, General College, 2C03). AD arudenta m 
the SI cciuae were enrolled In the courae from the fiiat day; none were 
added late. Srodenta who ofioally dropped the cciuae fbt whaterer 
reason) were net induded In due 

What W€ Mtas^reA 

We used instrcutional records to cbtaui stodenta' Apiluide Ratinga 
(AAK)» which la the arudenta ACT cemfoate acore plus tr^bmea their 
hifh^chool graduatidn percentile We uaed a auirey on the first day cf 
(c determine (a) whether ecudentahad taken e biology ccoiae m 
high achcol (b) whether atudenis behead they would do ertTW<redil 
aaaignfnenta if gwen the oppormnity to do so, and (c) the percentage 
o/ the scudenia planned to attend 

We recoeded the fiiDowing academic perRirmancea end bahanora of 
all SI an d non^ atudenta m the cciuae. 

1 Grades We tracked the grades of SI arudenta non^ studenta 
on lectme exama, a compre he na^ final, and m lab Grates rcpreaenccd 
stndenta' mastery of comae material and Although arudenta who 
attend and engage thamaelaea almost always earn shore a C, stndents 
receired no academic credit {or class attendsnee or claaa partictparlon 
(Uoore, 20a3a, 2O03b). 

2 Attendance at lectures We measoced dasa attendance erery day 

with short m<laas writing aasignment& Students were told that class 
attendance ie aaaociatsd with lucces^ but students receired 

no points {or attending class. 

3 Attendance at opconal help-aeasiona. These dats were cecorded 

by teaching assistants who lad help seiaions. seas ions were held 

balore each earn and were conducted by aaristants who had 

no biowledge of or input regarding, any of the eiams. Attendance 
was opoonal, no points wece giren {or attending the help searion^ and 
students who attended rsceired no points or ^inside information^ sbout 
upcoming esams. 

4 Visits office hour& Wt kept records of students who 

with the insnuctor sbout corant^elated information dunng office hours 
and before or after class Students reeeired no points for coming to office 
hours or for ssking questions be foTC^ during, or sfter class. 

5 Submianonofam-mditwock Oppoirurutiestoaamertiu-mdit 
(on^third of the pomts that they miased on the lecture emns) r^ 
qoirad that students write a on^page answer for each of the quesoons 
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that they ms^cd on an tom Students ha d four vreeka to wrote ef>d 
submit these The eitra<cedit pomta were piaxanteed for an; 

reasonable eficct hints earned by students who submitted ertiB<redit 
work were from ah calculaooiis a n d data m study. 

Ihbiel 
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AAB. nic AAJtworesoCSI sindeius avenged 62. (efteceas dwse ofnof>S] 
radentft aT^riged 03 Tl^est iTeraft scores were sigruficdiuly diCtrtnl 
(p < 0.01, independem l-leet) Hcpwmq the AAR scoree of SI s cod e iws 
wbD W7>ed As end Be (&4) were not significandj different from (bcie 
c/SIstodentswho ssn^DssndF%(&3;j^ <0 05) 

Pr&coUege erposure to biolosy. The fiot^ay^fclesses sorrej 
dicated that07K o<SI radents, 96% of ncpiv^I student^ liad taken 
a bKlo(7 coone m tufh leJucl Theae areriges were not sicrnffcantly 
difierewl Suzularly, 0<% ofSItfudsms whoeamed Asand Be, and 97% 
of SI students earned Da and had taken a biok^ couraa m 

acbcol Tliesa a^regea were not aigntficanll? different (p > O.OQ 

Students' apectnuons on the Brst day of claaice. (be survey, 
8216 cfSI srudems, and6S% of non^I students, cJaDoed that they wci^ 
submnextra^editvorkifglventheopporTurucy todoao Tbeae averages 
were not significantly diAerent SI students (hat they would at« 

tend an average of 0216 of class and earn an averege bnaJ grade of 8816 , 
andi>on4I scndcnts claimed that they wooJd attend an average of91l6 
of classes ar>d earn an avenge gnde of 0016 These averagee were not 
significantly different (p > O.OS) 

Aeademic performancee and bebavion Our research queaticns 
are addresaed by data m 1 U>le 1 , which summarizea the academic per« 
{ccmances behavwre of S( n T\ 4 noo-SI seudents. ftTmiar patterns 
occurred m evecy section during every semester of every year of 
study 81 seudents end non^ students earned similaraverage numerkal 
grades in all aspects of the course (La , lecture exams, laboratory, filial 
exam^ and course giade) These xuzulantiesm academic performances 
were sssocaated with academK behavKre of 8Iaeudents and 

non-&( students (TkUe 1) The behaviors performances 

of SI students snd non^ students summarized in l^e 1 were not 


significantly different 

AlthoQ^ data m lU>le 1 revealed no significant differences in the 
average ac^Semtcperfomiancea andbehaviore of SI and non4I students 
(p > 0 QS), th^e data included some SI atudsnts who disengaged from 
the course (s«g , atudents who guit to class regulatly, se.ldom 

submitted aasignmenl^ and miaedSI sessions^ We suspected that these 
students' poor performance could mask imporLanl conclusions shout 
whalbehaviore charactenae successful A nd unsuccessful SI students. Tb 
examine we compared the academic behaviors of SI students who 

earned Aa An d Bs in the couree with those of SI students who earned 
Ds and Fs Theae comparisons sre shown in Tkble 2. Simflar pattecna 
occurred every semester of every year of study Succaiaful and 
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S( scud£Qtt nnilax pre<olkft adirawon scon* (l*, 
AAJQ, pre-ccDsp ciposurc ccbiologj^ wd fir9tHl*7-of<]aMC* crpocta^ 
t»n^ but their academic behmois vtre ngruficanllj different 
cento] SI radenta subinitte4 more extra<Tedu work ratnded iT>ore 

lecrureei office hours, help s^etons than unsuccentbl S( stodera 
^bbk 2 ). AD of the difference* in lUile 2 were signiffcently diCerenl 
(p < Q.Ol) 

Discimiott atxd Cotxclu&ions 

Some earlier wudiea of the eftectiveiwie of S( have been Tulneiable to 
a saU4e]ection bias that has lowered the validity of the data, that u, the 
SI coQcaea in some studies have enroUe^i only the most mouveted ei>d 
academically wcl^prepaied seudants (Congos et aJ , \W7). That bias 
was not present in this sample Althoufh St was volontsry sri d open to 
any atudenk the students who snroUed In SI had AAJt scores that were 
si^nilicantly lower than those of their nof>£( va. 03^ 

respectively, &r SI non-SI students) Althoufh some stndies hsve 
suft^ted that AAK scores axe poor predictors of the acsdamic soccess 
of developments! education students (Uoore, 2003a, 2003b» and stnd* 
les cited thsrsin), these studies have not fccnied on SI students, and 
thcrelore may not be applicable to the SI students studied here Never^ 
theles^ ifSIatudenCr" relatively low AAR scores did, in lact, make them 
acadezmesDy leas prepared {Or coUefe than their no classmate^ then 
tha SI students' pampation In tha SI program unproved the students' 
grades. Indeed, on average, St students did as wall in this historically 
difficult CO orae as non-S( students (Tkble 1 ) Kc(srdlass» these data so|k 
port Rsmires (1M7), dcores on standardised testa are poor predictsca 
of the academic sucesas of 31 siiiJenl& 

AlthoQ^ St it n d fuo-SI students ended the course with simflar filial 
numerrcsl pedes, than pade distributions were consistently diArent 
Indeed^ St students made more Cs, similar peresniaps of Bs, and smaller 
percentages of As, Ds» and Fs than non4I students Our &ndin( that 
81 students were leas likely to make a D or P in the course Qcn-&( 
students w to that reported in other atudias (Congoe et aJ , 1 097, 

Congos 6 Schoeps, 1996; Hensen & SbaDey, 2093) and suggests that 
particapation In St may be especially helpful to srudents who would 
have otheiwise earned a D or F m the course 
Dais presented in Tkble 1 were presumably not InDuencsd by differ^ 
ences m pre-college expouiie to biology, br virrually idenncsJ peresnt^ 
ages of3I and non^ students had taken a biology oouns m high school 
(97% vs 96%, respectively). The was true &r SI s tud e nts who 
tamed As and 6s as compared to those who earned Ds and Pa These 
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re^ulu ifidicAtt Ih^t the diArtnt Kad^imc periOnn^nce^ cepocted lure 
{br SI n T\ 4 noivfi mdenis (ej weD as fcr ducceaeAil wd ujuocceeeful 
SI etudenis, im below) were ikci due to degrees of pr^coOege 

expoeuje to biology 

Oneeecege, SI and noivfi atudenia hadhi^ expectaocnaonthe hot 
d^ of dAM» the; expected to attend 90 % of claseesi earn a hi^ grade 
m (be couiae^ do ertxa^edit work, and cam either an A ox B m the 
Goune Howev e r, moat srudenta' beharion (u , those of SI and ncn-SI 
^ru^lenta alxke) did r>ot match their predictioaa, {ox the etudenla attended 
an arerage of only 7016 ofclaaeee, andon^ 16% nibmrrtedertia<fedil 
wotIl Students hsnng these loweMhan^pcedicied rates of attendance 
and couxae engagement also earned lower^han^predicted arerage 
Gouiae grade of 70 (Le , a &). These resolts suppon the claims that (a) 
developmental education students {SI r>on^ alike) often ignore 
cours^related opportunities and have behaviors an d attxtndaa that are 
inconsistent with academic success (Grist & Kenney^ 2003, ^^wooki, 
Webei; & Ibrahnn, 2000), and (b) S( students, like other dev^pmental 
education students, ofttn ha^ high expectaoons but do not fellow 
through on their academic intentiona{PmtJKh & Garcia, 1904) 

There were r>o differences m the average academic of 

SI noo-SI srudenta m any aspect of the course {Dbla 1). These am> 
lamiea m academic perfecmanca corresponded to comparable airulan^ 
tiaa in academic behavKcv Indeed, SI and non-S( srudenta had similar 
grades and gyniUr rates of submitting extra<redit work and atiendance 
at I ecturs^ office ho oca, and help sessions These results sre consistent 
inlh the claifn motivacor^relatedbehavioca (e g.^ r]ai^ atieodance), 
and not scores on pre-college tssta^ are the rr>ost rehable 

predictorofthe academiosuccess of derelopmental educsoon students 
(Uoore, SOCOa, 2O03b, Thoinaa& Higbee, 2000) 

Comptwiitg SitcceasAJ md tlwrucces^hi &1 Stud^ras 
Successful (1 e ^ A arid B) arid unsuccessful (1 a., C and D) SI students 
htthUt aA£ scorss arid pre-college exposure to biology m hrgh 
scho^ Tberefers, the dramatically different peifermances of these 
rwo groups of students were not due to the pce-coDege Caemra that we 
examined (ls, AAK pre-college bKlogy courass). Similarly, both 
groups of 9 students were hi^ily oon&dent of their ability to soccead 
m the ooniae n T\ 4 exhibited academic behaviora that would help them 
eucceed (s g , attend class regularly do em-mdit work) In light 
of these what accounts fer the different perlonnances of 

the two groups of students? That is^ what fectoia pcedici the academx 
succees of SI students^ 
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diC^riflg academic PinA 

SI atudcntt were aswciatcd with difierence^ in tha scudanta' acadeguc 
behariora tndacd^ mcoe&sfq} SI studenta aufcmitted iDora trt»<fedil 
work attended mora karuiM ofice houi^ ^Tia opccnal hcdp-aa^ 
aiona than did onwcaeaeftil SI studenta. Tl^eae diffsrtncaa m iDotiTa^ 
oon^laladbehaTidrs, not (bo$a m pre<ollege ofttna, daacibed 
the academic succass of SI atudenta Thia la conaatant wilh prtTKHia 
aCQdiaa of cthar groupa of de?alopmentBl educaocn acudanta in whicb 
latta of fltia couiaa #Tigagr t^ttf andiKH arudera' acoraa 

on adTTttaaton taaOr fnoat aconrataly predicted these acudendr" 
auceeaa (Moora, 20CGa, 2003b, Thomaa 0^ 2000) 

Tlua artK^ had sereral himtation& For example, althou^ we obtained 
aimilai raaulta m a biolocf olaaa erary aemewer {br two yaan, cuj con« 
cluatoitf m^ i>o( be transferable to other iclanca eJaaa^ Hcreove^ 
correlatiDn is not ceuaeb^, oor aampla aiae waa r^aovely small 
(La , onlj about 2S atudenia per aeiMMex) Meverthelaaa, cuj reaolts 
dearly that si atudenia aamed fevrar Da pe chan ncn-SI 

aCQdcra in an mooduooiy biolc{y comae., Tha most auccaaa&ii S( Ku^ 
danta were diaonfmahed by their academic bahsTtcra: they submitted 
mere ertxe^adil work and lo more clasaear help aa&mn^ ei>d 
office houra than non4I atudanta Gaar^, SI can help aMiak students 
succeed in sdanca eJaaaea, but success requiree effOn end academic 
metmatiofv 

Impitc^fftcns for ffXfiiytxng Vt^tyrepmd Students in CotUfs Scitnes 
Couross 

1 The results of this srut^ suffest that coUcfea end unmemoea wantint 
to improve the academic perfbcmance end retention of students m ao^ 
ence classes consider rmplcmentinc SI proprama Dur progr a m 

helped nioat ond e rpr e pared seudanta produce academic records that 
equaled those of other scudem Althou^ SI may be most beneficial to 
aMiak stDdenis (Bamires.^ 1997), SI help all atudenia succeed zmM 
just those m acadenoc trouble (Chandlai; 1094) 

2 Rampant absent aaiam often begins in high dcho^(Fallis&Opo tow, 
2003) end conunuos m coDega (Friedman, Rodnguea, & McComb, 2001, 
McCuira, 2003, Bomer 1993) Hot surpnsmcly^ thcae beha^rs are aa- 
aociatad with low giudaa (Moore, 2003a, 200^), As Romer (1903) has 
notadf genarshon ego, both m principle and in pracuca, etsendance 
at class was not opoonal, Ibday , often in principle end elruost always m 
pcuoQca, It la^ (j> 174) 1b help remedy this problem, instructors, ed^ 
does, and other I aammfessistar>ce professionals should consider using 
data to show deralopmental aduesuon students (SI end otherwise) that 
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their acddenw sococss m college will ceqmrt partiailar beh^vicre ei>d 
herd vrork. Scudenu who anend engage themselvee m couieea 
succeed, deapitt (heir prencKit hutoTKJ of acadenuc problems Howerei; 
radera vho will not attei>d and engage tbemaelrea in their ccniaes 
wiD probably iafl, ertn tf they enroll in S( Just aa merely buying the 
couiae tesftook does not ertaoce hi^ padea, merely enrcllmg m SI a l ini 
does not ensure academic 8ucoei& 16 be aocceaaful, programs such aa 
Sj require tbst students cry to succeetL 
3 TUI students that mar^ of them wiQ not {cUow through on their 
£iist^iaycf<laaaea optimism about behsnors such aa claaa 

attendance and ccuiae engagement. Although studenta vbo do not {6V 
low through on these behsTloia will probab^ fail, the studenta who do 
{oHow thxou^ will probably do vreQ. Studenta hare much control orer 
their academic tUrurc Hard work and levels of academic motiva^ 
t»n help ur>derpreparcd studenta succeed in hiatonttlly difficult 
couraeai theceb? enabling them to shed their at^riak label. 
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